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Abstract
We show that contrary to the common lore it is possible to spontaneously
break N=2 supersymmetry even in simple theories without constant Fayet-
Iliopoulos terms. We consider the most general N=2 supersymmetric theory
with one hypermultiplet and one vector multiplet without Fayet-Iliopoulos
terms, and show that metastable supersymmetry breaking vacua can arise if
both the hyper-Ka¨hler and the special-Ka¨hler geometries are suitably curved.
We then also prove that while all the scalars can be massive, the lightest one is
always lighter than the vector boson. Finally, we argue that these results also
directly imply that metastable de Sitter vacua can exist in N=2 supergravity
theories with Abelian gaugings and no Fayet-Iliopoulos terms, again contrary
to common lore, at least if the cosmological constant is sufficiently large.
1 Introduction
It is by now well understood that the difficulty of achieving metastability for vacua
leading to spontaneous supersymmetry breaking has a simple and universal origin
related to Goldstone’s theorem applied to supersymmetry. Indeed, since the Gold-
stino fermion must be massless, its sGoldstini scalar superpartners have masses that
are entirely controlled by supersymmetry breaking effects and cannot be adjusted
through supersymmetric mass terms. More precisely, it turns out that the average
mass of these sGoldstini is entirely controlled by the geometry of the scalar manifold
and the data of the local gauge symmetries, if present [1, 2, 3] (see also [4]). This
fact is true not only in rigid supersymmetry but also in local supersymmetry, and
its consequences have already been extensively investigated in a number of situa-
tions [5, 6]. The general outcome is that one can infer a simple upper bound on
the mass of the lightest scalar, which depends only on the geometric data of the
theory and is increasingly stringent in theories with increasing number of super-
charges. In some special classes of theories, this upper bound is vanishing or even
negative, and therefore results in no-go theorems forbidding metastable spontaneous
supersymmetry breaking [7, 8].
In N=1 theories, the situation is quite simple and clear, especially in the rigid limit
[9]. In theories with only chiral multiplets, the upper bound on the lightest mass is
controlled by the sectional curvature of the scalar manifold along the supersymmetry
breaking direction. This implies that in renormalizable theories with flat geometry,
there are always two massless scalars (corresponding to the so-called pseudo-moduli
of O’Raifeartaigh models), while in non-renormalizable non-linear sigma-models all
the scalars can be massive if the sectional curvature can be positive. In theories
involving also vector multiplets, the situation is qualitatively similar but the vector
multiplets can give quantitatively important effects. As a result, all the scalars
can in general be massive, already in renormalizable theories (corresponding to the
absence of pseudo-moduli in gauged O’Raifeartaigh models) and clearly also in non-
renormalizable ones, even without Fayet-Iliopoulos terms.
In N=2 theories, the situation is more interesting and less clear, even in the rigid
limit [10]. In theories with only hypermultiplets, supersymmetry breaking station-
ary points are possible only for curved geometries and the upper bound on the
lightest mass happens to always vanish, as a consequence of the structure of the
sectional curvature of hyper-Ka¨hler manifolds. This implies that there is always
at least one tachyonic scalar, and thus that the vacuum cannot be metastable. In
theories with only Abelian vector multiplets, a similar result holds true, and again
it is impossible to get metastable supersymmetry breaking vacua. On the other
hand, in more general theories with both hyper- and vector multiplets, only par-
tial results concerning the possible metastability of supersymmetry breaking vacua
exist. One general result in this direction has been presented in [13], where it was
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shown that for theories admitting an SU(2)R symmetry and a supercurrent conser-
vation law involving a linear superconformal anomaly multiplet, it is impossible to
construct a consistent non-linear realization of N=2 supersymmetry. This suggests
that in this class of theories there should be an unavoidable obstruction against
having a non-supersymmetric stationary point at all or more plausibly against it to
be metastable, originating from the presence of the SU(2)R symmetry or the exis-
tence of the linear superconformal anomaly multiplet. The common lore is that in
order to spontaneously break supersymmetry, one needs constant Fayet-Iliopoulos
terms, which spoil the SU(2)R symmetry in the vector multiplet sector (see [11, 12]
for examples). However, the SU(2)R symmetry can also be spoiled by the lack
of isometries on the scalar manifold in the hypermultiplet sector, and this might
provide an alternative to Fayet-Iliopoulos terms.
The aim of this letter is to assess whether the possibility of having metastable
supersymmetry breaking in N=2 theories is really linked to the presence of Fayet-
Iliopoulos terms. For this we shall study in full generality the simplest class of such
theories for which no-go theorems based on the sGoldstino masses do not exist so
far, namely theories involving just one hypermultiplet and one vector multiplet with
an Abelian gauge symmetry.
2 General setup
Let us consider the most general N=2 supersymmetric theory involving only one
hypermultiplet and one vector multiplet without Fayet-Iliopoulos terms. This has
the form of a gauged non-linear sigma-model on a target space that is the product
of an arbitrary four-dimensional hyper-Ka¨hler manifold admitting a triholomorphic
isometry and an arbitrary two-dimensional special-Ka¨hler manifold. The bosonic
part of the action, describing the four real scalars qu belonging to the hypermultiplet
and the complex scalar z plus the real vector Aµ belonging to the vector multiplet,
is given by [14, 15, 16, 17, 18, 19, 20, 21] (see [10] for a recent review on the rigid
case):
L = −1
4
ρFµνF
µν +
1
4
θFµνF˜
µν − 1
2
guvDµq
uDµqv − gzz¯ ∂µz ∂µz¯ − V (2.1)
In this expression Fµν = ∂µAν − ∂νAµ, F˜µν = 12 ǫµνρσF ρσ and Dµqu = ∂µqu + kuAµ.
Moreover, guv denotes the metric of the hyper-Ka¨hler manifold, k
u a triholomorphic
Killing vector on it and P i the three associated Killing potentials. Similarly, gzz¯
denotes the metric of the special-Ka¨hler manifold, while ρ and θ are the real and
imaginary parts of the corresponding holomorphic gauge kinetic function, such that
in particular ρ = gzz¯. Finally
V = guvk
ukv|z|2 + 1
2
ρ–1|~P |2 . (2.2)
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Happily, it turns out that there exists a general local parametrization for the two
kinds of manifolds that are involved in this construction, in terms of two harmonic
functions f and l of three and two real variables, respectively. It is then possible
to construct a general theory based on arbitrary choices for these two harmonic
functions. The trivial choices of constant f and l correspond to flat spaces while
less trivial choices of non-constant f and l correspond to curved spaces.
Any four-dimensional hyper-Ka¨hler manifold admitting a triholomorphic isometry
can be locally described with coordinates qu = xi, t and a Ricci-flat metric of the
Gibbons-Hawking form [22, 23, 24]:
ds2 = guvdq
udqv = fd~x 2 + f –1
(
dt+ ~ω · d~x)2 . (2.3)
This depends on a single real function f = f(~x) of the three variables xi, which
must be harmonic and therefore satisfies the three-dimensional Laplace equation:
∆f = 0 . (2.4)
The three functions ωi are determined, modulo an irrelevant ambiguity, by the
following equation, whose integrability is guaranteed by the Laplace equation:
~∇× ~ω = ~∇f . (2.5)
The three closed Ka¨hler forms, which satisfy dJi = 0 thanks to the above equation
defining ωi, are given by (see for instance [25])
Ji =
(
dt + ~ω · d~x) ∧ dxi − 1
2
fǫijkdxj ∧ dxk . (2.6)
Finally, the isometry acts as a simple shift of the t coordinate by some real parameter
ξ, and the associated Killing vector reads
k = ξ ∂t . (2.7)
In this parametrization, the components guv and g
uv of the metric and its inverse
are easily worked out, and their positivity requires f > 0. The components (Ji)uv
of the three Ka¨hler forms are easily verified to satisfy the quaternionic algebra
(Ji)
u
w(Jj)
w
v = −δijδuv + ǫijk(Jk)uv. Finally, it is also straightforward to verify
that this Killing vector (2.7), whose only non-vanishing component is kt = ξ,
is triholomorphic, and that the corresponding Killing potentials P i, defined by
∇uPi = −(Ji)uvkv, read:
~P = ξ ~x . (2.8)
Any two-dimensional special-Ka¨hler manifold can be locally described with special
complex coordinate z and a metric of the following form:
ds2 = 2 gzz¯ dz dz¯ = 2 l |dz|2 . (2.9)
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This depends on a single real function l = l(z, z¯) of the two variables z, z¯, which
must be a harmonic function corresponding to the real part of a holomorphic func-
tion related to the prepotential and therefore satisfies the two-dimensional Laplace
equation:
∂∂¯ l = 0 . (2.10)
In this parametrization, the unique non-trivial components of the metric and its
inverse are given by gzz¯ = l and g
zz¯ = l−1. Positivity of the metric requires l > 0.
It is worth emphasizing that the above general constructions can also be obtained
in an algebraic way, using superfields. In the hyper-Ka¨hler case, one can consider an
N=2 single tensor multiplet, which consists of a linear multiplet L plus a chiral mul-
tiplet Q from the N=1 perspective and automatically incorporates a shift symmetry
[26] (see also [27]). The most general N=2 kinetic Lagrangian for such a multiplet is
then obtained from a potential H = H(L,Q, Q¯) which must be a harmonic function:
HLL +HQQ¯ = 0. After switching to a description in terms of four real scalars, one
then finds a Gibbons-Hawking space, with HLL mapping to the harmonic function
f and ReHLQ, ImHLQ mapping to the two non-trivial components of ~ω (see for
instance appendix C of [28]). In the special-Ka¨hler case, one can use an N=2 vector
multiplet, which consists of a chiral multiplet Φ plus a vector multiplet V from the
N=1 perspective. The most general N=2 kinetic Lagrangian for such a multiplet
involves a potential F = F (Φ) which must be a holomorphic function: FΦ¯ = 0.
Keeping complex coordinates, one then directly finds the special-Ka¨hler space in
the above-described form, with ImFΦΦ mapping to the harmonic function l.
Summarizing, with the above local parametrization of the two components of the
scalar manifold, the data defining the model are the following:
guv =


f + f –1ω21 f
–1ω1 ω2 f
–1ω1 ω3 f
–1ω1
f –1ω2 ω1 f + f
–1ω22 f
–1ω2 ω3 f
–1ω2
f –1ω3 ω1 f
–1ω3 ω2 f + f
–1ω23 f
–1ω3
f –1ω1 f
–1ω2 f
–1ω3 f
–1

 , ku =


0
0
0
ξ

 , (2.11)
gzz¯ = l , ρ = l , (2.12)
V = ξ2
[
f−1|z|2 + 1
2
l−1|~x|2
]
. (2.13)
3 Vacua and masses
Let us now look for Poincare´ invariant vacuum states of the above theory, defined
by constant expectation values for the six independent scalar fields qI = xi, t, z, z¯.
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To start, we compute the first derivative VI and find that Vt = 0 while
Vi = ξ
2
[
−f –2|z|2fi + l–1xi
]
, (3.14)
Vz = ξ
2
[
− 1
2
l–2|~x|2lz + f –1z¯
]
. (3.15)
For the matrix of second derivatives VIJ¯ , we instead find Vtt = 0 and Vit = 0 while
Vij = ξ
2
[
−f –2|z|2(fij − 2f –1fifj)+ l–1δij] , (3.16)
Vzz¯ = ξ
2
[
− 1
2
l–2|~x|2(lzz¯ − 2l–1|lz|2)+ f –1] , (3.17)
Vzz = ξ
2
[
− 1
2
l–2|~x|2(lzz − 2l–1l2z)] , (3.18)
Viz = ξ
2
[
−f –2z¯ fi − l–2xi lz
]
. (3.19)
Finally, we also need to compute the vielbein eI
P that allows us to locally trivialize
the metric as gIJ¯ = eI
P δPQ¯ (e
†)Q¯J¯ and thus canonically normalize the scalar fields.
One finds a block diagonal result given by:
ei
p =


f 1/2 0 0 f –1/2ω1
0 f 1/2 0 f –1/2ω2
0 0 f 1/2 f –1/2ω3
0 0 0 f –1/2

 , (3.20)
ez
z = l1/2 . (3.21)
The possible vacua correspond to the stationary points of the potential V . The
stationarity conditions VI = 0 determining them are easy to analyze. We see that
whenever f or l are constant and at least one of the factors of the scalar manifold is
flat, stationarity implies vanishing values for all the fields and unbroken supersym-
metry with vanishing vacuum energy. To get non-trivial supersymmetry-breaking
stationary points, we thus need both of the functions f and l to be non-trivial and
thus both factors of the scalar manifold to be curved. In that case the value of the
fields is non-vanishing and the stationarity conditions imply that:
fi = f
2l–1|z|−2xi , (3.22)
lz = 2 l
2f –1|~x|−2z¯ . (3.23)
Using these results we can then simplify the unnormalized mass matrix VIJ¯ , and
finally compute the physical mass matrix associated to canonically normalized fields
asm2
IJ¯
= (e–1)I
PVPQ¯ (e
–1†)Q¯J¯ . Although the form of eI
P depends on ωi in the entries
related to the would-be Goldstone mode t, the final result for m2
IJ¯
does not depend
5
on ωi. One finds that m
2
tt = 0 and m
2
it = 0 while
m2ij = ξ
2
[
−f –3|z|2fij + 2 l–2|z|–2xi xj + f –1l–1δij
]
, (3.24)
m2zz¯ = ξ
2
[
− 1
2
l–3|~x|2lzz¯ + 4f –2|~x|–2|z|2+ f –1l–1
]
, (3.25)
m2zz = ξ
2
[
− 1
2
l–3|~x|2lzz + 4f –2|~x|–2z¯2
]
, (3.26)
m2iz = ξ
2
[
−f –1/2l–3/2|z|–2z¯ xi − 2 f –3/2l–1/2|~x|–2z¯ xi
]
. (3.27)
The unnormalized mass of the vector field Aµ can be read off from the kinetic
term of the hypermultiplet scalars and is given by guvk
ukv = ξ2f –1. One then has
to rescale this by ρ–1 = l–1 to get the physical mass for the canonically normalized
vector, finding
m2A = ξ
2f –1l–1 . (3.28)
A convenient way of parametrizing the above results is to introduce an angle
θ that controls the relative orientation of the supersymmetry breaking direction
between the hyper and the vector sectors. To do so, we consider the ratio of the
two contributions in V and define at the vacuum point:
tan2 θ =
1
2
f l–1|z|–2|~x|2 . (3.29)
Let us also introduce the direction vi to which the vacuum point corresponds in the
hypermultiplet field subspace, and similar the phase ϕ defined by the vacuum point
in the vector multiplet field subspace, namely:
vi =
xi
|~x| , ϕ = arg z . (3.30)
We then parametrize the overall scale of the fields at the vacuum point by an energy
scale Λ defined as:
Λ2 = l |z|2 + 1
2
f |~x|2 . (3.31)
In this way, the values of the fields are parametrized as:
xi =
√
2f –1/2Λ sin θ vi , z = l
–1/2Λ cos θ eiϕ . (3.32)
In addition, let us introduce the following dimensionless parameters associated to
the second derivatives of the functions f and l:
aij = f
–1|~x|2fij , bzz¯ = l–1|z|2lzz¯ , bzz = l–1z2lzz (3.33)
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In this parametrization, the scalar massesm2
IJ¯
can then be rewritten in the following
very simple form:
m2ij =
[
δij + 4 tan
2 θ vivj − 1
2
cot2 θ aij
]
m2A , (3.34)
m2zz¯ =
[
1 + 2 cot2 θ − tan2 θ bzz¯
]
m2A , (3.35)
m2zz =
[
2 cot2 θ − tan2 θ bzz
]
e–2iϕm2A , (3.36)
m2iz =
[
−
√
2
(
cot θ + tan θ
)
vi
]
e–iϕm2A . (3.37)
Notice also that the vacuum energy is related to the vector mass and the scale
defined by the expectation values of the fields:
V = Λ2m2A . (3.38)
4 Bounds on the scalar masses
We would now like to understand what kind of values can be achieved for the scalar
masses m2i corresponding to the eigenvalues of the mass matrix m
2
IJ¯
. To this aim,
we shall take the point of view that we choose some definite point corresponding to
some values of ~x and z to be a priori the vacuum point, and then scan over all the
possible forms of the functions f and l in the neighborhood of such a point. The
condition that the chosen point should be a stationary point of V fixes the values
of the first derivatives fi and lz. But the values of the functions f and l themselves
as well as those of their second derivatives fij and lzz¯, lzz are then arbitrary, except
for the harmonicity constraints δijfij = 0 and lzz¯ = 0. One may then scan over
the two real parameters f and l and the seven independent real parameters among
the fij and lzz¯, lzz, and see what kind of masses one can achieve. In terms of the
parametrization introduced at the end of previous section, this means in particular
that we can scan over all the possible values of m2A, which controls the overall scale
of the scalar masses, and θ, aij , bzz¯, bzz which control instead the detailed form of
the scalar mass matrix, with the only constraints being that:
δijaij = 0 , bzz¯ = 0 . (4.39)
To get an idea of whether it is possible or not to make all the eigenvalues positive,
we may now look at the average values of the three blocks of the mass matrix,
and reduce the original (4+2)-dimensional matrix to a simpler (1+1)-dimensional
averaged matrix. More precisely, taking into account that we already know that
there is one null eigenvalue in the hyper sector corresponding to the unphysical
would-be Goldstone mode t absorbed by Aµ in a Higgs mechanism, let us look at
m2hh =
1
3
δijm2ij , m
2
vv = m
2
zz¯ , m
2
hv =
√
1
3
δijm2izm
2
¯z¯ . (4.40)
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After a straightforward computation and using the constraints (4.39) imposed by the
three-dimensional and two-dimensional Laplace equations satisfied by the functions
f and l, one finds:
m2hh =
[
1 +
4
3
tan2 θ
]
m2A , (4.41)
m2vv =
[
1 + 2 cot2 θ
]
m2A , (4.42)
m2hv =
[√
2
3
(
tan θ + cot θ
)]
m2A . (4.43)
We see that as a result of the constraints imposed by N = 2 supersymmetry, and in
particular (4.39), these average blocks are almost completely fixed, the only leftover
parameter being the angle θ controlling the relative strength of the hyper- and vector
multiplet sectors in the supersymmetry breaking process.
The first, qualitative information that we can extract from the knowledge of the
above averaged blocks concerns the sign of the eigenvalues m2i . Some simple linear
algebra shows that the full six-dimensional mass matrix m2IJ can be positive definite
only if the two-dimensional averaged mass matrix is also positive definite. This is
the case if m2hh > 0, m
2
vv > 0 and m
2
hhm
2
vv −m4hv > 0. It is straightforward to check
that all these three conditions are always satisfied by the expressions (4.41), (4.42)
and (4.43), and this for any possible value of the angle θ. This suggests that it is
a priori possible to adjust the parameters aij and bzz¯, bzz subject to the constraints
(4.39) in such a way to make all the eigenvalues m2i positive.
The second, quantitative information that we can extract from the knowledge of
the above averaged blocks concerns the size of the eigenvalues m2i . Since for a given
θ all the averaged blocks are bounded, relative to the overall scale m2A, it is clear
that the eigenvalues m2i must also be bounded to lie in a certain interval, again
relative to the overall scale m2A. More precisely, there must be an upper bound m
2
−
on how large the smallest m2i can be, and also a lower bound m
2
+ on how small the
largest m2i can be. Through some simple linear algebra, one can show that these
bounds m2± are in fact simply the two eigenvalues of the two-dimensional matrix
formed by the averaged mass blocks m2hh, m
2
vv and m
2
hv, and are thus given by:
m2± =
1
2
(
m2hh +m
2
vv
)±
√
1
4
(
m2
hh
−m2vv
)2
+m4
hv
. (4.44)
Using the fact that m2hh > 0, m
2
vv > 0 and m
2
hhm
2
vv −m4hv > 0, one can then infer
the following bounds, which can be derived by studying the necessary conditions for
the matrix m2IJ −m2±δIJ to be negative or positive definite obtained after averaging
and reducing to a two-dimensional matrix:
min
{
m2i
} ≤ m2− ≤ min{m2hh, m2vv} , (4.45)
max
{
m2i
} ≥ m2+ ≥ max {m2hh, m2vv} . (4.46)
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A simple computation shows that the quantities m2± are given by
m2± =
[
1 + cot2 θ +
2
3
tan2 θ
±
√
2
3
cot2 θ + cot4 θ +
2
3
tan2 θ +
4
9
tan4 θ
]
m2A . (4.47)
One can easily verify that m2+ > 0 and m
2
− > 0 for any value of θ, as already
implied by the analysis of the previous paragraph. One can, however, also study
more quantitatively what happens when θ is varied. m2− starts from a local minimum
for θ = 0 with value 2
3
m2A, then goes through an absolute maximum for θ =
π
4
with
value m2A and finally reaches a local minimum for θ =
π
2
with value 1
2
m2A. m
2
+
starts from a maximum for θ = 0 with infinite value, goes through a minimum at
θ ≃ 0.83 (close to θ = π
4
) with value 4.27m2A (close to
13
3
m2A) and then reaches
again a maximum at θ = π
2
with infinite value. We then conclude that:
min
{
m2i
} ≤ m2A , max{m2i} >∼ 4.27m2A . (4.48)
This result suggests that it should not only be possible to make all the mass eigen-
values m2i positive, but actually all greater than or equal to m
2
A. In other words,
it should be possible to achieve a genuinely metastable supersymmetry breaking
vacuum with sizable masses for scalar fluctuations by adjusting the parameters of
the model.
Note that the cases of theories with just one hypermultiplet or just one vector
multiplet can formally be obtained as special cases of the more general situation
studied here, by taking the limits l → +∞, z → z0 and f → +∞, ~x → ~x0,
respectively. In those two limits one thus gets θ → 0 and θ → π
2
, respectively, but
also mA → 0 and Λ → +∞ with V → finite, in both cases. One then correctly
recovers the vanishing upper bound for the smallest mass that leads to a no-go
theorem in those cases [7, 8], as a consequence of the vanishing of the trace of the
relevant mass matrix block.
5 Existence of metastable vacua
The final question that we need to address is whether the full five-dimensional non-
trivial part of the mass matrix m2
IJ¯
defined by eqs. (3.34)-(3.37) can really be made
positive definite by a suitable choice of the parameters aij and bzz¯, bzz, subject to the
constraints (4.39). We saw that the necessary conditions for this to be possible that
come from the study of the two-dimensional matrix obtained by averaging over each
of the hyper and vector subsectors are satisfied for any value of θ, so the question
is more precisely whether for any given θ and vi, ϕ it is possible or not to make all
the m2i positive through a suitable choice of the parameters aij and bzz¯, bzz. The
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answer to this question is yes, and in fact it turns out that one can always saturate
the bounds defined by m2+ or m
2
− by suitably adjusting aij and bzz¯, bzz. An intuitive
argument for this is as follows. Due to the restriction that δijaij = 0 and bzz¯ = 0,
the average of the eigenvalues of the two diagonal blocks of the mass matrix are
fixed and cannot be changed. Moreover, the off diagonal block is also fixed and
independent of the above parameters. As a result, there is certain amount of level-
repulsion between the two groups of eigenvalues that the diagonal blocks would
have on their own, and the average value of all the eigenvalues of the full matrix
is also fixed. It is then clear that changing aij and bαβ can only affect the spread
of the eigenvalues around what is dictated by the two-dimensional matrix obtained
by averaging over the directions defining each subsector, and as a consequence it is
possible to choose aij and bzz¯, bzz in such a way as to saturate the bounds defined
by m2+ or m
2
−.
Let us illustrate the above statement with an explicit example of metastable
supersymmetry breaking vacuum. For simplicity, we choose the vacuum point to be
defined by values of the fields in the maximally symmetric direction such that
θ =
pi
4
, vi =
√
1
3
, ϕ = 0 . (5.49)
The values of the functions f and l at such a point are arbitrary and are mapped
to arbitrary values for the scales mA and Λ. The first derivatives of the functions
f and l at such a point are instead completely fixed by the requirement that the
stationarity conditions should be satisfied. Finally, the second derivatives of the
functions f and l at such a point are arbitrary and are mapped to arbitrary values
for the dimensionless parameters aij and bzz¯, bzz. For generic values of the latter,
we then get the following structure for the three blocks of the mass matrix:
m2ij =


7
3
− 1
2
a11
4
3
− 1
2
a12
4
3
− 1
2
a13
4
3
− 1
2
a12
7
3
− 1
2
a22
4
3
− 1
2
a23
4
3
− 1
2
a13
4
3
− 1
2
a23
7
3
− 1
2
a33

m
2
A , (5.50)
m2αβ¯ =
(
3− bzz¯ 2− bzz
2− bz¯z¯ 3− bzz¯
)
m2A , (5.51)
m2iβ¯ =


−
√
8
3
−
√
8
3
−
√
8
3
−
√
8
3
−
√
8
3
−
√
8
3


m2A . (5.52)
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Recalling the constraints δijaij = 0 and bzz¯ = 0, in this case we have
m2hh =
7
3
m2A , m
2
vv = 3m
2
A , m
2
hv =
√
8
3
m2A . (5.53)
and
m2− = m
2
A , m
2
+ =
13
3
m2A . (5.54)
We can finally make some definite choice for the parameters aij and bzz¯, bzz and
compute the mass eigenvalues m2i explicitly. As expected, by choosing appropriate
values for these parameters it is possible to make all them2i positive, but at least one
of these is always lighter thatm2− = m
2
A and one is always heavier thanm
2
+ =
13
3
m2A.
A very simple working example of the above type is obtained by making the following
choice of parameters:
aij = 0 , bzz¯, bzz = 0 . (5.55)
In this case, the five non-trivial eigenvalues of the full mass matrix can be computed
analytically and are found to be:
m2i =
{
1, 1, 1, 1, 9
}
m2A . (5.56)
These are all positive, and the vacuum is thus metastable. We moreover see that in
this simple example the upper bound on the lightest mass is saturated.
6 Generalization to supergravity
The results that we have derived here in the context of rigid supersymmetry can
be generalized to local supersymmetry. To do so, one needs to consider a generic
supergravity theory with one hyper- and one vector multiplet. The hypermultiplet
sector is described by a four-dimensional quaternionic-Ka¨hler manifold with negative
Ricci curvature set by the Planck scale, and this must again admit a triholomorphic
isometry. Fortunately, the most general space with these properties is also known
and goes under the name of the Przanowski-Tod space [29, 30]. This is the Ricci-
curved generalization of the Gibbons-Hawking space, and is based on a function
of three variables satisfying the non-linear three-dimensional Toda equation, rather
than the linear three-dimensional Laplace equation. The vector multiplet sector is
instead described by a two-dimensional local-special-Ka¨hler manifold. This can also
be described in a completely general way. The new feature is again a deformation
in the structure of the curvature by effects linked to the Planck scale.
A detailed analysis of the structure of the mass matrix, the bounds that can be
put on its eigenvalues and the constraints on the possibility of achieving metastable
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de Sitter vacua in this kind of theories can be performed by using the technology
described in [31] and will be presented elsewhere [32], along with some explicit exam-
ples. It is however clear that the existence of metastable supersymmetry-breaking
vacua in the rigid limit directly implies also the existence of metastable supersym-
metry breaking de Sitter vacua in supergravity. This shows that Fayet-Iliopoulos
terms and non-Abelian gauge symmetries are not necessary ingredients to achieve
metastable supersymmetry breaking even within supergravity, again contrary to
the common lore in the literature and in particular the claim of [33]. The only sub-
tle point concerns the values of the cosmological constant V and the gravitino mass
m3/2 that can be compatible with metastability. It is obvious that in the limit where
V ≫ m2
3/2M
2
Pl, gravitational effects on supersymmetry breaking and on the masses
are small and it must therefore be possible to achieve metastable de Sitter vacua ex-
actly as in the rigid case. On the other hand, in the limit where V ≪ m2
3/2M
2
Pl, grav-
itational effects on supersymmetry breaking and on the masses are sizable and the
possibility of achieving metastable de Sitter vacua must be carefully reinvestigated.
The quantitative question that one then has to deal with consists in understanding
for which range of values of the dimensionless ratio V/(m2
3/2M
2
P l) metastability can
be achieved. This is a particularly relevant question, since small and large values
of the above parameter are needed in applications to particle physics and inflation,
respectively.
7 Conclusions
In this letter, we have demonstrated that metastable spontaneous breaking of global
N=2 supersymmetry is possible even in very simple theories that do not involve
Fayet-Iliopoulos terms or non-Abelian gaugings. We then argued that the same
qualitative result also holds true in the presence of gravity, although the relative
size of the cosmological constant and the gravitino mass allowing for metastable
vacua might be constrained and remains to be analyzed.
To conclude, let us compare our findings with the general statement in [13] that
N=2 theories admitting an SU(2)R symmetry and a supercurrent conservation law
based on a linear superconformal anomaly multiplet cannot spontaneously break su-
persymmetry. Our examples of N=2 theories possessing metastable supersymmetry-
breaking vacua have a priori no SU(2)R symmetry, since the generic Gibbons-
Hawking manifolds we considered do not admit an isometry group that could contain
this. We believe that this is the reason why they evade the result of [13]. As a con-
sistency check of this interpretation, we verified that in the special models built on
spaces with a larger isometry group, such as flat space and the Eguchi-Hanson man-
ifold, there are in fact no supersymmetry-breaking vacua. Nevertheless, it would be
interesting to understand whether or not our models admit a linear superconformal
anomaly multiplet coping with the potential problems emphasized in [34, 35].
12
Acknowledgements
We are grateful to M. Gomez-Reino and J. Louis for earlier collaboration on various
related issues, and to I. Antoniadis and M. Buican for extensive discussions about
their work [13]. We also thank L. Alvarez-Gaume´, F. Catino, J.-P. Derendinger,
S. Ferrara, J. Fine, T. Hausel and J.-C. Jacot for useful discussions. The research
of C. S and P. S. is supported by the Swiss National Science Foundation under the
grant PP00P2-135164.
References
[1] M. Gomez-Reino and C. A. Scrucca, Locally stable non-supersymmetric Minkowski
vacua in supergravity, JHEP 0605 (2006) 015 [hep-th/0602246].
[2] M. Gomez-Reino and C. A. Scrucca, Constraints for the existence of flat and stable
non-supersymmetric vacua in supergravity, JHEP 0609 (2006) 008 [hep-th/0606273].
[3] M. Gomez-Reino and C. A. Scrucca, Metastable supergravity vacua with F and D
supersymmetry breaking, JHEP 0708 (2007) 091 [arXiv:0706.2785].
[4] F. Denef and M. R. Douglas, Distributions of nonsupersymmetric flux vacua JHEP
0503 (2005) 061 [hep-th/0411183].
[5] L. Covi, M. Gomez-Reino, C. Gross, J. Louis, G. A. Palma and C. A. Scrucca, De
Sitter vacua in no-scale supergravities and Calabi-Yau string models, JHEP 0806
(2008) 057 [arXiv:0804.1073].
[6] L. Covi, M. Gomez-Reino, C. Gross, J. Louis, G. A. Palma and C. A. Scrucca,
Constraints on modular inflation in supergravity and string theory, JHEP 0808 (2008)
055 [arXiv:0805.3290].
[7] M. Gomez-Reino, J. Louis and C. A. Scrucca, No metastable de Sitter vacua in N=2
supergravity with only hypermultiplets, JHEP 0902 (2009) 003 [arXiv:0812.0884].
[8] E. Cremmer, C. Kounnas, A. Van Proeyen, J. P. Derendinger, S. Ferrara, B. de Wit
and L. Girardello, Vector multiplets coupled to N=2 supergravity: superhiggs effect,
flat potentials and geometric structure, Nucl. Phys. B 250 (1985) 385.
[9] L. Brizi and C. A. Scrucca, The lightest scalar in theories with broken supersymmetry,
JHEP 1111 (2011) 013 [arXiv:1107.1596].
[10] J.-C. Jacot and C. A. Scrucca, Metastable supersymmetry breaking in N=2 non-linear
sigma-models, Nucl. Phys. B 840 (2010) 67 [arXiv:1005.2523].
[11] P. Fayet, Fermi-Bose hypersymmetry, Nucl. Phys. B 113 (1976) 135.
[12] I. Antoniadis, J. -P. Derendinger and J. -C. Jacot, N=2 supersymmetry breaking at
two different scales, Nucl. Phys. B 863 (2012) 471 [arXiv:1204.2141].
13
[13] I. Antoniadis and M. Buican, Goldstinos, supercurrents and metastable SUSY break-
ing in N=2 supersymmetric gauge theories, JHEP 1104 (2011) 101 [arXiv:1005.3012].
[14] L. Alvarez-Gaume´ and D. Z. Freedman, Geometrical structure and ultraviolet finite-
ness in the supersymmetric sigma model, Commun. Math. Phys. 80 (1981) 443.
[15] L. Alvarez-Gaume´ and D. Z. Freedman, Potentials For The Supersymmetric Nonlin-
ear Sigma Model, Commun. Math. Phys. 91 (1983) 87.
[16] C. M. Hull, A. Karlhede, U. Lindstrom and M. Rocek, Nonlinear sigma models and
their gauging in and out of superspace, Nucl. Phys. B 266 (1986) 1.
[17] B. de Wit and A. Van Proeyen, Potentials and symmetries of general gauged N=2
supergravity: Yang-Mills models, Nucl. Phys. B 245 (1984) 89.
[18] B. de Wit, P. G. Lauwers, and A. Van Proeyen, Lagrangians of N=2 supergravity -
matter systems, Nucl. Phys. B 255 (1985) 569.
[19] A. Strominger, Special geometry, Commun. Math. Phys. 133 (1990) 163.
[20] R. D’Auria, S. Ferrara and P. Fre`, Special and quaternionic isometries: general cou-
plings in N=2 supergravity and the scalar potential, Nucl. Phys. B 359 (1991) 705.
[21] J. Bagger and E. Witten, Matter couplings in N=2 supergravity Nucl. Phys. B 222
(1983) 1.
[22] S. W. Hawking, Gravitational instantons, Phys. Lett. A 60 (1977) 81.
[23] G. W. Gibbons and S. W. Hawking, Gravitational multi-instantons, Phys. Lett. B 78
(1978) 430.
[24] N. J. Hitchin, A. Karlhede, U. Lindstrom and M. Rocek, Hyperkahler metrics and
supersymmetry, Commun. Math. Phys. 108 (1987) 535.
[25] K. A. Rutlidge, Infinite-centre Gibbons-Hawking metrics, applied to gravitational in-
stantons and monopoles, Ph.D. thesis, Durham University.
[26] U. Lindstrom and M. Rocek, Scalar tensor duality and N=1, N=2 nonlinear sigma
models, Nucl. Phys. B 222 (1983) 285.
[27] N. Ambrosetti, I. Antoniadis, J. -P. Derendinger and P. Tziveloglou, The hypermul-
tiplet with Heisenberg isometry in N=2 global and local supersymmetry, JHEP 1106
(2011) 139 [arXiv:1005.0323].
[28] P. Tziveloglou, Aspects of effective supersymmetric theories, Ph.D. thesis, Cornell
University, [arXiv:1201.6040].
[29] M. Przanowski, Killing vector fields in selfdual, Euclidean Einstein spaces with Λ 6= 0,
J. Math. Phys. 32 (1991) 1004.
[30] K. P. Tod, The SU(∞)-Toda field equation and special four-dimensional metrics,
Lect. Notes in Pure and Appl. Math. 184 (1997) 307.
14
[31] F. Catino, C. A. Scrucca and P. Smyth, Metastable de Sitter vacua in N=2 to N=1
truncated supergravity, JHEP 1210 (2012) 124 [arXiv:1209.0912].
[32] F. Catino, C. A. Scrucca and P. Smyth, Simple metastable de Sitter vacua in N=2
gauged supergravity, JHEP 1304 (2013) 056 [arXiv:1302.1754].
[33] P. Fre`, M. Trigiante and A. Van Proeyen, Stable de Sitter vacua from N = 2 super-
gravity, Class. Quant. Grav. 19 (2002) 4167 [arXiv:hep-th/0205119].
[34] Z. Komargodski and N. Seiberg, Comments on supercurrent multiplets, supersym-
metric field theories and supergravity, JHEP 1007 (2010) 017 [arXiv:1002.2228].
[35] T. T. Dumitrescu, Z. Komargodski and M. Sudano, Global symmetries and D-terms
in supersymmetric field theories, JHEP 1011 (2010) 052 [arXiv:1007.5352].
15
